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In this work, we study a one-dimensional problem in a generalized thermoelastic diﬀusion in inﬁnite medium with a
spherical cavity subjected to a time dependent thermal shock of its internal boundary which is assumed to be traction free.
The chemical potential is also assumed to be a known function of time on the bounding cavity. Laplace transform tech-
niques are used. The solution of the problem in the transformed domain is obtained by using a direct approach without the
customary use of potential functions. By means of numerical Laplace inversion, the problem is solved in the physical
domain. Numerical results predict ﬁnite speeds of propagation for thermoelastic and diﬀusive waves. To investigate the
diﬀusions eﬀects, a comparison is made with the results obtained in the thermoelastic problem.
 2007 Elsevier Ltd. All rights reserved.
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Nowacki (1974a,b,c,d) developed the theory of thermoelastic diﬀusion. In this theory, the coupled thermo-
elastic model is used. This implies inﬁnite speeds of propagation of thermoelastic waves. In the coupled theory
of thermoelasticity the velocity of heat propagation is assumed to be inﬁnitely large. To eliminate this paradox
generalized thermoelasticity theory has been developed subsequently. The development of this theory was
accelerated by the advent of the second sound eﬀects observed experimentally in materials at a very low tem-
perature. In heat transfer problems involving very short time intervals and/or very high heat ﬂuxes, it has been
revealed that the inclusion of the second sound eﬀects to the original theory yields results which are realistic
and very much diﬀerent from those obtained with classical theory of elasticity. The ﬁrst theory was developed
by Lord and Shulman (1967). In this theory a modiﬁed law of heat conduction including both the heat ﬂux
and its time derivative replaces the conventional Fourier’s law. The heat equation associated with this a hyper-
bolic one and, hence, automatically eliminates the paradox of inﬁnite speeds of propagation inherent in the
coupled theory of thermoelasticity.0020-7683/$ - see front matter  2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ijsolstr.2007.01.019
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tion time, which allows the ﬁnite speeds of propagation of waves. This development provides a chance to study
the wave propagation in such an interesting media. Sherief and Saleh (2005) investigated the problem of a
thermoelastic half-space in the context of the theory of generalized thermoelastic diﬀusion with one relaxation
time. Singh (2005) discussed the reﬂection phenomena of waves from free surface of an elastic solid with gen-
eralized thermodiﬀusion. Aouadi (2006a) studied the generalized thermoelastic diﬀusion problem with vari-
able electrical and thermal conductivity. The interaction between the processes of elasticity, heat and
diﬀusion in an inﬁnitely long solid cylinder was investigated by Aouadi (2006b). Recently, Aouadi (in press)
proved the uniqueness theorem of the generalized thermoelastic diﬀusion theory by another approach diﬀerent
from that used by Sherief et al. (2004).
Kundu and Mukhopadhyay (2005), Abd-Alla et al. (2004) and Mukhopadhyay (2000) have considered an
inﬁnite isotropic viscoelastic medium with a spherical cavity when the surface of the cavity is subjected to dif-
ferent boundary conditions. Erbay et al. (1991), Chatterjee and Roychoudhuri (1990), Rehbinder (1987), and
Noda et al. (1989) have considered the same problems in an elastic medium.
The above investigations are concerned with elastic and viscoelastic media without considering the diﬀusion
eﬀects.
This paper is devoted to the study of the interaction between the processes of elasticity, heat and diﬀusion in
an inﬁnite elastic solid with a spherical cavity in the context of the theory of generalized thermoelastic diﬀusion
with one relaxation time. Numerical results predict ﬁnite speeds of propagation for thermoelastic and diﬀusive
waves. The problem of generalized thermoelasticity has been reduced as a special case of our problem. Diﬀu-
sion eﬀects act to increase the magnitudes of solutions values.2. Formulation of the problem
Following, Sherief et al. (2004, 2005), the governing equations for an isotropic, homogeneous elastic solid
with generalized thermodiﬀusion in the absence of body forces are:
(i) The equation of motion:lui;jj þ ðkþ lÞuj;ij  b1T ;i  b2C;i ¼ q
o2ui
ot2
; ð2:1Þ(ii) the equation of heat conduction:o
ot
þ s0 o
2
ot2
 
ðqcETþ T 0b1ekk þ cT 0CÞ ¼ kT ;ii; ð2:2Þ(iii) the equation of mass diﬀusion:Db2ekk;ii þ DcT ;ii þ
o
ot
þ s o
2
ot2
 
C ¼ DbC;ii; ð2:3Þ(iv) the constitutive equations:rij ¼ 2leij þ dij½kekk  b1ðT T 0Þ  b2C; ð2:4Þ
P ¼ b2ekk þ bC cðT T 0Þ; ð2:5Þ
where b1 = (3k + 2l)at and b2 = (3k + 2l)ac, at and ac are, respectively, the coeﬃcients of linear thermal
and diﬀusion expansion, k and l are Lame´’s constants. T is the absolute temperature of the medium, T0
is the reference uniform temperature of the body chosen such that j(T  T0)/T0j  1, k is the coeﬃcient
of thermal conductivity, cE is the speciﬁc heat at constant strain, and q is the mass density. rij are the
components of the stress tensor, ui are the components of the displacement vector, eij are the components
of the strain tensor, P is the chemical potential, C is the concentration of the diﬀusive material in the
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fusion eﬀects and diﬀusive eﬀects, respectively. The thermal relaxation time s0 will ensure that the heat
conduction equation will predict ﬁnite speed of heat propagation, and s is the diﬀusion relaxation time,
which will ensure that the equation satisﬁed by the concentration C will also predict ﬁnite speed of prop-
agation of matter from one medium to the other.We shall consider a homogeneous, isotropic medium, occupying the region a 6 r <1, where a is the radius
of the spherical cavity. Let (r,#,u) denote the radial coordinate, the co-latitude, and longitude of a spherical
polar coordinate system, respectively. We note that due to spherical symmetry the only non-vanishing dis-
placement component is the radial one ur = u(r, t). The strain tensor has the following componentserr ¼ ouor ; euu ¼ e## ¼
u
r
; eru ¼ er# ¼ e#u ¼ 0: ð2:6ÞThe cubical dilatation e is thus given bye ¼ ou
or
þ 2 u
r
¼ 1
r2
oðr2uÞ
or
ð2:7ÞDue to spherical symmetry, Eqs. (2.1)–(2.5), take the formq
o2u
ot2
¼ ðkþ 2lÞ oe
or
 b1
oT
or
 b2
oC
or
; ð2:8Þ
kr2T ¼ o
ot
þ s0 o
2
ot2
 
ðqcETþ b1T 0eþ cT 0CÞ; ð2:9Þ
Dbr2C ¼ Db2r2eþ Dcr2Tþ
o
ot
þ s o
2
ot2
 
C; ð2:10Þ
rrr ¼ 2l ouor þ ke b1ðT T 0Þ  b2C; ð2:11Þ
ruu ¼ r## ¼ 2l ur þ ke b1ðT T 0Þ  b2C; ð2:12Þ
P ¼ b2eþ bC cðT T 0Þ; ð2:13Þwhere the Laplacian operator $2 is given byr2 ¼ o
2
or2
þ 2
r
o
or
:Now we introduce the following non-dimensional variables:r ¼ c1g0r; u ¼ c1g0u; h ¼
b1ðT T 0Þ
kþ 2l ; C
 ¼ b2C
kþ 2l ;rij ¼
rij
kþ 2l ; P
 ¼ P
b2
; t ¼ c21g0t; s0 ¼ c21g0s0; s ¼ c21g0s;where c21 ¼ ðkþ 2lÞ=q and g0 = qcE/k. In terms of these non-dimensional variables, Eqs. (2.8)–(2.13) take the
following form (dropping the asterisks for convenience):
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ot2
¼ oe
or
 oh
or
 oC
or
; ð2:14Þ
r2h ¼ o
ot
þ s0 o
2
ot2
 
ðhþ eeþ ea1CÞ; ð2:15Þ
a3r2C ¼a2 oot þ s
o2
ot2
 
Cþr2eþ a1r2h; ð2:16Þ
rrr ¼e 4
b2
u
r
 h C; ð2:17Þ
ruu ¼r## ¼ 2
b2
u
r
þ 1 2
b2
 
e h C; ð2:18Þ
P ¼a3C e a1h; ð2:19Þ
wheree ¼ T 0b
2
1
q2cEc21
; a1 ¼ cqc
2
1
b1b2
; a2 ¼ lDg ; a3 ¼
bqc21
b22
; b2 ¼ kþ 2l
l
:In order to solve the problem, the internal boundary of the spherical cavity is taken to be traction free and
subjected to a time dependent thermal shock. The chemical potential is also assumed to be a known function
of time on the surface of the cavity. The homogeneous initial conditions are supplemented by the following
boundary conditions:
(1) The cavity surface is traction freerrrða; tÞ ¼ 0: ð2:20Þ
(2) The cavity surface is subjected to a thermal shockhða; tÞ ¼ h0HðtÞ: ð2:21Þ
(3) The chemical potential is also assumed to be a known function of time at the cavity surfaceP ða; tÞ ¼ P 0HðtÞ; ð2:22Þ
where h0 and P0 are constants and H(t) is the Heaviside unit step function.3. Solution in the Laplace transform domain
Introducing the Laplace transform deﬁned by the formulaf ðx; sÞ ¼ £ðf ðx; tÞÞ ¼
Z 1
0
f ðx; tÞestdt; ReðsÞ > 0: ð3:1Þinto Eqs. (2.14)–(2.16) and using the homogeneous initial conditions, we obtain:s2u ¼ oe
or
 o
h
or
 o
C
or
; ð3:2Þ
r2h ¼ sð1þ s0sÞðhþ eeþ ea1 CÞ; ð3:3Þ
a3r2 C ¼ a2sð1þ ssÞC þr2eþ a1r2h; ð3:4Þ
Applying the operator r2 ¼ o2or2 þ 2r oor to Eq. (3.2), we obtainðr2  s2Þe ¼ r2hþr2 C: ð3:5Þ
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wherea1 ¼ sa3  1 ½a3sþ ð1þ s0sÞ½a1eð2þ a1Þ þ a3ðeþ 1Þ  1 þ ð1þ ssÞa2; ð3:7Þ
a2 ¼ s
2
a3  1 ½ð1þ s0sÞðea
2
1sþ a3sþ a2ð1þ ssÞðeþ 1ÞÞ þ a2sð1þ ssÞ; ð3:8Þ
a3 ¼ s
4a2
a3  1 ð1þ s0sÞð1þ ssÞ: ð3:9ÞThe above system of equations can be factorized asðr2  k21Þðr2  k22Þðr2  k23Þðe; h; CÞ ¼ 0; ð3:10Þ
where k1, k2 and k3 are the roots of the characteristic equationk6  a1k4 þ a2k2  a3 ¼ 0: ð3:11Þ
Eq. (3.11) can be reduced in a cubic equation in n (=k2)n3  a1n2 þ a2n a3 ¼ 0: ð3:12Þ
The roots of Eq. (3.12) give three values of n. Each value of n corresponds to a wave if k2 is real and positive.
Hence, three positive values of k will be the velocities of propagation of three possible waves, the compression-
al (P) wave, mass diﬀusion (MD) wave, and thermal (T) wave. The roots k1, k2 and k3 are given byk1 ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1
3
½2p sinðqÞ þ a1
r
; ð3:13Þ
k2 ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1
3
½a1  pð
ﬃﬃﬃ
3
p
cosðqÞ þ sinðqÞÞ
r
; ð3:14Þ
k3 ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1
3
½a1 þ pð
ﬃﬃﬃ
3
p
cosðqÞ  sinðqÞÞ
r
; ð3:15Þwherep ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
a21  3a2
q
; q ¼ sin
1ð-Þ
3
; - ¼  2a
3
1  9a1a2 þ 27a3
2p3
: ð3:16ÞThe solution of Eq. (3.10), which is bounded at inﬁnity, is given byhðr; sÞ ¼ 1ﬃﬃ
r
p
X3
i¼1
AiðsÞK1=2ðkirÞ; eðr; sÞ ¼ 1ﬃﬃrp
X3
i¼1
A0iðsÞK1=2ðkirÞ; ð3:17Þ
Cðr; sÞ ¼ 1ﬃﬃ
r
p
X3
i¼1
A00i ðsÞK1=2ðkirÞ; ð3:18Þwhere Ai, A
0
i and A
00
ii are parameters depending only on s, and K1/2 is the modiﬁed Bessel function of the second
kind of order 1/2. Compatibility between Eqs. (3.17) and (3.18) along with (3.3) and (3.4) will give rise toA0iðsÞ ¼
k2i ½k2i  sð1þ s0sÞð1 ea1Þ
esð1þ s0sÞ½ða1 þ 1Þk2i  a1s2
AiðsÞ; ð3:19Þ
A00i ðsÞ ¼
k4i  k2i ½sð1þ s0sÞð1þ eÞ þ s2 þ s3ð1þ s0sÞ
esð1þ s0sÞ½ða1 þ 1Þk2i  a1s2
AiðsÞ: ð3:20ÞIntegrating both sides of Eqs. (3.17)2 from r to inﬁnity, and assuming that u vanishes at inﬁnity, we obtain
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r
p
X3
i¼1
ki½k2i  sð1þ s0sÞð1 ea1Þ
esð1þ s0sÞ½ða1 þ 1Þk2i  a1s2
AiðsÞK3=2ðkirÞ: ð3:21ÞThus from Eqs. (2.17), (3.17), (3.18) and (3.21), we getrrrðr; sÞ ¼ 1eð1þ s0sÞ
ﬃﬃ
r
p
X3
i¼1
k2i  sð1þ s0sÞð1 ea1Þ
ða1 þ 1Þk2i  a1s2
sK1=2ðkirÞ þ 4ki
b2rs
K3=2ðkirÞ
 
AiðsÞ; ð3:22Þ
P ðr; sÞ ¼ a2ð1þ ssÞ
eð1þ s0sÞ
ﬃﬃ
r
p
X3
i¼1
k4i  k2i ½sð1þ s0sÞð1þ eÞ þ s2 þ s3ð1þ s0sÞ
k2i ½ða1 þ 1Þk2i  a1s2
AiðsÞK1=2ðkirÞ; ð3:23ÞWe shall now use the boundary conditions in Eqs. (2.20)–(2.22) together with Eqs. (3.17), (3.22) and (3.23) to
determine the unknown parameter A1(s), A2(s) and A3(s). We thus arrive at the following set of linear
equationsX3
i¼1
k2i  sð1þ s0sÞð1 ea1Þ
ða1 þ 1Þk2i  a1s2
sK1=2ðkiaÞ þ 4ki
b2as
K3=2ðkiaÞ
 
AiðsÞ ¼ 0; ð3:24Þ
X3
i¼1
AiðsÞK1=2ðkiaÞ ¼ h0s
ﬃﬃﬃ
a
p
; ð3:25Þ
X3
i¼1
k4i  k2i ½sð1þ s0sÞð1þ eÞ þ s2 þ s3ð1þ s0sÞ
k2i ½ða1 þ 1Þk2i  a1s2
AiðsÞK1=2ðkiaÞ ¼ P 0s
eð1þ s0sÞ
a2ð1þ ssÞ
ﬃﬃﬃ
a
p
: ð3:26ÞSolving the linear system of Eqs. (3.24)–(3.26) we can obtain the parameters A1, A2 and A3. This completes the
solution of the problem in the Laplace transform domain.
Particular case: If we neglect the diﬀusion eﬀect by eliminating Eqs. (2.3) and (2.5), and by putting
b2 = c = 0 in Eqs. (2.1), (2.2) and (2.4), the expressions for temperature, displacement and stress in a general-
ized thermoelastic medium are given by:hðr; sÞ ¼ ah0
rsðk1  k2Þ
X2
i¼1
ð1Þiþ1ðk2i  s2Þðb2s2a2 þ 4k3iaþ 4Þ
ðb2s2a2 þ 4Þðk1 þ k2Þ þ 4aðs2 þ k1k2Þ
ekiðraÞ; ð3:27Þ
uðr; sÞ ¼  ah0
r2sðk1  k2Þ
X2
i¼1
ð1Þiþ1ðkirþ 1Þðb2s2a2 þ 4k3iaþ 4Þ
ðb2s2a2 þ 4Þðk1 þ k2Þ þ 4aðs2 þ k1k2Þ
ekiðraÞ; ð3:28Þ
rðr; sÞ ¼ ah0
r3sðk1  k2Þ
X2
i¼1
ð1Þiþ1ðb2r2s2 þ 4kirþ 4Þðb2s2a2 þ 4k3iaþ 4Þ
ðb2s2a2 þ 4Þðk1 þ k2Þ þ 4aðs2 þ k1k2Þ
ekiðraÞ: ð3:29Þwhere k1 and k2 are the roots with positive real parts of the characteristic equationk4  k2½s2 þ sð1þ s0sÞð1þ eÞ þ s3ð1þ s0sÞ ¼ 0: ð3:30Þ4. Inversion of the transforms
We shall now outline the numerical inversion method to obtain the solution of the problem in the physical
domain. Following Honig and Hirdes (1984), the Laplace transformed function can be inverted as follow:f ðr; tÞ ¼ £1½f ðr; sÞ ¼ 1
2pi
Z vþi1
vi1
estf ðr; sÞds: ð4:1ÞLet s = v + iw (v, w 2 R), the above formulation can be written asf ðr; tÞ ¼ e
vt
2p
Z 1
1
eiwtf ðr; vþ iwÞdw: ð4:2Þ
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approximation formulaTable
Values
l = 3.8
cE = 3
ac = 1.
c = 1.2
Usingfðr; tÞ ¼ e
vt
T
 1
2
Reff ðr; vÞg þ
X1
k¼0
Re f r; vþ i kp
T
  
cos
kp
T
t
 

X1
k¼0
Im f r; vþ i kp
T
  
sin
kp
T
t
 " #
 F 1ðr; v; t; TÞ
ð4:3Þwhere F1 (r,v, t,T) is the discretization error. It can be made arbitrarily small if the free parameter vT is large
(Honig and Hirdes, 1984). As the inﬁnite series in Eq. (4.3) can only be summed up to a inﬁnite number N of
terms, hence the approximation value for f (r, t) isfN ðr; tÞ¼ e
vt
T
1
2
Reff ðr;vÞgþ
XN
k¼0
Re f r;vþ ikp
T
  
cos
kp
T
t
 
Im f r;vþ ikp
T
  
sin
kp
T
t
  " #
ð4:4Þ
Two methods are used to reduce the total error. First, the Korrecktur method is used to reduce the discret-
ization error. Next, the e-algorithm is used to reduce the truncation error and hence to accelerate convergence.
It should be noted that a good choice of the free parameters N and vT is not only important for the accu-
racy of the results but also for the application of the Korrecktur method and the methods for the acceleration
of convergence.5. Numerical results
The copper material was used chosen for purposes of numerical evaluations. The constants of the problem
are given in Table 1 (Sherief and Saleh, 2005 and Thomas, 1980).
The numerical technique outlined above was used to obtain the temperature, radial displacement, radial
stress and concentration as well as the chemical potential distributions inside the sphere. These distributions
are shown in Figs. 1–5 respectively. The computation were carried out for three values of time, namely t = 0.1,
t = 0.15 and t = 0.2. For the sake of brevity some computational results are not being presented here.
Fig. 1 shows the temperature distribution, where the solid line represents the solution corresponding to the
use of the generalized equation of heat conduction (s0 = 0.02) while the dotted line represents the solution cor-
responding to the use of the coupled equation of heat conduction (s0 = 0). It was found that near the surface
cavity where the boundary conditions dominate the coupled and the generalized theories give very close
results. Inside the sphere, the solution is markedly diﬀerent. This is due to the fact that thermal waves in
the coupled theory travel with an inﬁnite speed of propagation as opposed to a ﬁnite speed in the generalized
case. Thus, the solution is not identically zero (though it may be very small) for any small value of time. At
diﬀerent instants, the non-zero region removes forward correspondingly with the passage of time. This indi-
cates that the heat propagates as a wave with ﬁnite velocity.
Figs. 2a and b show, respectively, the radial displacement in thermoelastic diﬀusion and thermoelastic
media for LS theory. Both ﬁgures indicate that the medium along r undergoes expansion deformation because
of thermal shock while the others compressive deformation. The radial displacement takes negative values in
the last case. The deformation is a dynamic process. With the passage of time, the expansion region moves1
of the constants
6 · 1010 kg/(m s3) k = 7.76 · 1010 kg/(m s3) q = 8954 kg/m3
83.1 J/(kg K) at = 1.78 · 105 K1 k = 386 W/(mK)
98 · 104 m3/kg D = 0.85 · 108 kg s/m3 T0 = 293 K
· 104 m2/(s2 K) b = 0.9 · 106 m5/(s2 kg) g0 = 8886.73 s/m2
these values, it was found that s ¼ 0:2; s0 ¼ 0:02; h0 ¼ 1; P 0 ¼ 1; a ¼ 1; e ¼ 0:0168; b2 ¼ 4; a1 ¼ 5:43; a2 ¼ 0:533; a3 ¼ 36:240:
00.2
0.4
0.6
0.8
1
1 1.2 1.4 1.6 1.8 2 2.2 2.4
__
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CT
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θ
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t=0.15
Fig. 1. Temperature distribution.
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instant, the non region of radial displacement is ﬁnite, which is due to the wave eﬀect of heat.
Figs. 3a and b show, respectively, the radial stress in thermoelastic diﬀusion and thermoelastic media for LS
theory. From both ﬁgures, the radial stress at the cavity surface is zero as shown, which agrees with the bound-
ary condition prescribed. This coincided with the mechanical boundary condition that the cavity surface is
traction free. It may be observed that the radial stress is compressive in nature.
Figs. 4 and 5 show, respectively, the concentration and the chemical potential distributions for LS theory.
The solid line represents the solution corresponding to the use of the generalized equation of diﬀusion (s = 0.2)
while the dotted line represents the solution corresponding to the use of the coupled equation of diﬀusion
(s = 0). In both ﬁgures, it is clear that distributions have a non-zero value only in a bounded region of space
for s = 0.2. Outside this region the values vanish identically. This is not the case for s = 0, where an inﬁnite
speed of propagation is inherent. This indicates that the equation satisﬁed by the concentration C predicts
ﬁnite speed of propagation of matter from one medium to the other.
6. Concluding remarks
Due to the complicated nature of the governing equations for the generalized thermoelastic diﬀusion the-
ory, the work done in this ﬁeld is unfortunately limited in number. The method used in this study provides a
quite successful approach in dealing with such problems. This approach gives exact solutions in the Laplace
domain without any assumed restrictions on the actual physical quantities that appear in the governing equa-
tions of the problem considered. Important phenomena are observed in all these computations:
1. It was found that for large values of time the coupled and the generalized give close results. The case is quite
diﬀerent when we consider small value of time. The coupled theory predicts inﬁnite speeds of wave prop-
agation. This is evident from the fact that the obtained solutions are not identically zero for any value of
time but fade gradually very small values at points far removed from the surface. The solutions obtained in
the context of Lord and Shulman theory, however, exhibit the behavior of ﬁnite speeds of wave propaga-
tion. For small values of time the solutions are localized in a ﬁnite region of space surrounding the surface
and is identically zero outside this region. This region grows with increasing time. Its edge is the location of
the wave front.
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Fig. 2. (a) Radial displacement in thermoelastic diﬀusion medium. (b) Radial displacement in thermoelastic medium.
M. Aouadi / International Journal of Solids and Structures 44 (2007) 5711–5722 57192. By comparing Fig. 2a with b, it was found that u has the same behavior in both media at t = 0.1. But
with the passage of time, numerical values of u in thermoelastic diﬀusion medium are large in compar-
ison with those in thermoelastic medium. The same remark for rrr in comparing Fig. 3a with b. This is
due to the inﬂuences of cross eﬀects arising from the coupling of the ﬁelds of temperature, mass
diﬀusion and strain. Due to these cross eﬀects, the thermal excitation generates the additional ﬁeld
-0.5
0
0.5
1
1.5
2
1 1.2 1.4 1.6 1.8 2
__ 0.10
... 0.15
0.20
t
t
t
=
=
−− =
rrσ
r
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
0
0.1
1 1.2 1.4 1.6 1.8 2
__ 0.10
... 0.15
0.20
t
t
t
=
=
−− =
r
rrσ
Fig. 3. (a) Radial stress in thermoelastic diﬀusion medium. (b) Radial stress in thermoelastic medium.
5720 M. Aouadi / International Journal of Solids and Structures 44 (2007) 5711–5722of displacement and thermal stresses. In fact, the more time is allocated for the exchange of thermal-
diﬀusion energy with the domain, higher the solutions values are. Thus, the diﬀusion eﬀects act to
increase the solutions values.
3. The results presented in this paper should prove useful for researchers in material science, designers of new
materials, low-temperature physicists, as well as for those working on the development of a theory of hyper-
bolic thermodiﬀusion. Cross eﬀects of Heat and mass diﬀusion exchange with the environment arising from
and inside nuclear reactors inﬂuence their design and operations (Nowinski, 1978). Study of the phenom-
enon of diﬀusion is also used to improve the conditions of oil extractions (seeking ways of more eﬃciently
recovering deposits) (Singh, 2005).
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